Introduction
The following report concerns research on a contract basis performed by the Forest Ecology and Forest Management department requested by CELOS. Bus and Laumans conducted a research in the Mapane-area for this department in 1997. The following subscription is pretty much literally cited out of their report (Bus and Laumans, 1997b) , although it has been translated.
Research with the focus on sustainable forest management using natural regeneration has been done in Surinam Graaf (1986) (De Vletter, 1980) 
proposes to perform a cleaning right after the harvest and after 8 and 16 years a liberation-treatment. In experiment 67/9 B (Akintasoela) De Graaf performed the most promising cleaning methods as suggested in previous studies on 25 ha. Taking into consideration the economical and ecological preconditions, this could be promising in the meaning of sufficient annual increment of commercial timber species. The same method has been the base for a practical experiment in natural forest regeneration for the Suriname Forest Service (Dienst Lands Bosbeheer)

. For this matter, a representative area of Mapane-area has been split up in patches of 10 hectares. The intention was to monitor the consequences of cleaning at 23 Permanent Sample Plots of 1 ha each. Deliberately a distinction has been made between a relatively rich and a relatively poor soil, in the Tibiti district in the southern region and the Rama district in the northern region respectively. Hendrison conducted his research on the differences between traditional harvesting methods and controlled harvesting (CHS) within this sample area. After the harvest of 1981 (aim: 15 m 3 /ha, effectively 5-6 trees/ha) it was the intention to clean the area according to the method of De Graaf (return the basal area to 12.5 m 3 /ha).
All 23 experimental plots were recorded in 1981/82; a cleaning treatment has been done on part of the experimental plots in 1984. In cooperation with Bus and Laumans, CELOS has recorded all experimental plots again in 1997/98. In 2002, CELOS' department of Forestry placed an Excel-file with the data of both recordings to the disposal of the Department Forest Ecology and Forest Management of the WUR with the request to investigate what conclusions could be drawn out of the data (see appendix IV for the assignment).
First a description and analyses of the available material is given, followed by the problem definition and the formulation of the research questions. These are based on the proposed research question and the possibilities the material offers. The report will follow the usual steps "methods", "results", and "discussion". (Legend top to bottom: logging road, landing, exploitation compartment nr, exploitation department nr (250x200m) , exploitation patches of Hendrison, creek, main road, Permanent sample plots De Vletter, Extra permanent sample plots Mellants, Zwamp-forest, Camp, road barrier, 
Figure 1: Location Experimental plots Mapane
inside the circle there is a three unity of PSP's with D-, 0-and S-treatment).
This cleaning-rate is classified in the table with a 0-degree (not cleaned), and A-degree (very light cleaning) up to a G-degree (very heavy cleaning).
Every experimental plot is 1 ha in size, in a square of 100 x 100 m. Every experimental plot is subdivided in 25 subplots of 20 x 20 m (see Figure 2 ). 
Measurements in the experimental plots
In the experimental plots the following data are recorded of all trees above 25 cm in diameter, either by measurement or otherwise determined:
• Plot-or experimental plot number • Subplot number • Tree number in 1981/82
• Tree number in 1997/98
• Timber species in 1981/82
• Timber species in 1997/98
• Celos-timber species code in 1997/98
• Girth in mm in 1997/98
• Height on which girth is measured in 1997/98
• Remarks on damage, death, logging, liana, not retrieving of a 1981-tree, girdling, stem quality, (stem) fork, etc This series of data concerns the so-called PSP-series (Permanent Sample Plots).
Apart from these, on three random chosen subplots (random chosen out of the 9 central subplots) also trees of 5 to 25 cm were inventoried. This is the PCQ-series (Permanent Central Quadrant) . The recorded data are in principle the same, with own PCQ tree-numbers, and often the PSP-tree numbers as well. Sometimes the original data file holds only the numbers of the PSP-trees, as sort of orientation point. In some cases the recorded data are also included. These are not always identical to the data of the tree with the same number in the PSP-file. According to Bus and Laumans (1997b) , the location of the subplots is not very accurately measured. Quotation of page 11 "De afmetingen van de oude subplots wijken regelmatig af van de bedoelde 20x20 meter; het opnieuw uitzetten van de subplots zonder rekening te houden met de positie van de oude grenspalen zou in veel gevallen niet dezelfde subplots als in 1981 opleveren." (English: The dimensions of the old subplots regularly differ from the meant 20x20 meters. Without considering the position of the old border poles, in many cases the placement of the new subplots would not give the same subplots as in 1981). To determine the data per area unit the (sub)-plot areas are presumed fixed and in accordance with the experimental plot design. This approach was necessary due to a lack of better information.
Problem definition and research questions
Originally, a series of treatments was foreseen in the forest with a CSS-treatment (Celos Silvicultural system), with the goal to produce a larger quantity of Commercial Timber Species (CTS) per timeframe and area in comparison to an untreated forest. An effect should be visible, even when only one-step in the CSS-treatment was carried out, at least when the CSSsystem can meet its pretensions. In addition, on part of the experimental plots a "controlled harvest", "traditional harvest" or "not harvested" was performed according the CHS (Celos Harvesting System) standards. The idea behind the CHS is that this will lead to less damage, so less mortality, and thus more growth. That is why the available material in the Mapane-experiment should proof a higher increment of CTS in the treated experimental plots versus the non-treated experimental plots. Possibly this increment varies per cleaning-rate and harvesting method, a reclassification of these cleaning-rates to a smaller number of classes could be necessary. An effect with 8 degrees of freedom, at only 23 cases, most likely will give problems for the possibility in distinction of several statistical tests.
No wood volumes were determined in the experimental plots and there are no distinguishing relationships between the measured variables and volume. We have to use a characteristic with a large correlation to the volume per ha. The most obvious characteristic is the basal area of the experimental plot per ha, this is the cumulative tree basal area. In short this will be called the basal area per ha. All results will also be presented with a volume-indication, based on an "out-place" estimator.
The research question can be split in several sub-questions: 1. Is the basal area ingrowth (recruitment over specified diameter) of Commercial Timber Species (CTS) in the PCQ's larger at the treated experimental plots than at the untreated experimental plots, for the diameter-limit of 5 cm? 2. Is the basal area ingrowth of Commercial Timber Species (CTS) in the PSP's larger at treated experimental plots than at untreated experimental plots, for the diameter-limit of 25 cm? 3. Is the basal area increment of Commercial Timber Species (CTS) in treated experimental plots larger than for the untreated experimental plots? 4. Is it possible to make a better classification of the treatments than "treated -untreated" or the classification in cleaning-rates? The possible development of this classification, in advance will be called the cleaning-class. Some other aspects concerning the forest dynamics, which are not directly derived from the problem definition, are investigated. 5. Is mortality influenced by the treatment? 6. Is the damage to trees influenced by the treatment?
Methods
At first, the data is revised at tree level, after which the data is aggregated at experimental plot level. Using SPSS for Windows -Release 11.5.0 the experimental plot data is analysed to see whether the research questions could be answered with yes. Next to this, the diameter class distribution is mapped and some forest dynamics are described.
The modification of the data Timber species The names of the timber species are far from identical in the two inventories. The name of the last inventory was chosen in case of two different names. The names of 1981/82 were maintained for trees not occurring in 1997/98. In total 842 spelling-variations occurred of 267 timber species. In consultation with Reitze de Graaf an unambiguous species list is determined, slightly deviating from the conventional. For example "Hoogland baboen" is indicated as "Baboen hgl" and "Kleinbladige rode kabbes" as "Kabbes rode kl.bl.". When it was impossible to determine whether it were spelling-variations or different species both names were listed as separate species, that is why there is "Fijnbladige rode kabbes" next to "Kleinbladige rode kabbes", possibly these are the same tree species. This list is inserted as Appendix I, including the frequencies. The timber class (CTS or NCTS, Commercial-or Non Commercial Timber Species) was determined with the help of the CELOS-timber code list as well.
Diameter at Breast Height
The DBH is derived out of the girth measurement in the usual way, when the measurement height used to be 1. Jonkers has general and species specific constant-values for 12 CTS, of which 10 occur in the Mapane-plots. The list of CTS of Jonkers is smaller than the CELOS-list nowadays. The decision was made to use the rate of the described tree species of Jonkers and his general CTSrate for all the additional tree species, both for CTS and NCTS. See below for the constantvalues. Sometimes this calculation leads to the question whether it is actually the same tree. In Figure 3 DBH97 is plotted against DBH81. Due to "normal" measurement mistakes and real negative growth (a tree can shrink due to loss of fluids) values directly below the diagonal are likely. In the shown figure, however, there are many large peak-values, in which case you can evidently speak of either an incorrect DBH81 or an incorrect DBH97. In those cases it was determined to treat these as two distinctive trees, one tree measured in 1981 statistically disappears (gone with unknown cause) and appears as a new, not previously measured tree in 1997. 
Remarks
There appear many (1515) different remarks, which can be traced back to:
1 Mutations since previous inventory, for example:
• niet gevonden = not found (29x)
• niet gevoden = not fond (7x)
• niet gevonden = not found (381x)
• Niet gevonden = Not found (40x) 2 Experimental plot maintenance:
• NB: new 115 could also be old 119! (1x)
• NB: new 118 could also be old 119! (1x)
• Long ladder measurement. White no. 28 (1x) 3 Damage or mortality
• damaged and hollow (1x)
• damaged and many lianas (1x)
• E, trunk rotten (1x)
• E, trunk until 20 m on I site rotten (1x)
• half of twins, other half is dead (1x) 4 Other remarks
• liana in it (16x)
• liana on stem, termites nest (1x) 5 Combinations
• Old measurements limitedly usable. Hollow at 8-10 m, ants (1x)
• NB; old measurement tree! Crooked; old number looks like 129 (1x)
• NB; 2nd tree with old no 26 in subplot 5 death standing (1x)
• not found/ valuable wood: roots dugged out? (1x)
• without top, lianas in it, bees nest in it These remarks are processed towards a type "tree mutation" and a type "damage class". Nothing was done with a number of remarks out of the category "experimental plot maintenance" and "others". For example the remark "not found/ valuable wood: roots dugged out?" was translated towards the conclusion that the tree was cut down. An option with "roots dugged out" could be that a Granmankapasi uprooted the tree looking for a bees nest in the roots; in this case the conclusion should be "death". However the combination with "not found/ valuable wood" and the fact that it was Snakewood (Brosimum guianense) pleads for "cut down (felled)" or better "cleared", but that is not a distinct separate category.
Tree mutations
The following classification was used for the mutations in the appearance of both inventories. Trees in the mutation types 1, 2, and 4 are later classified in type 9, if it concerns a non-commercial timber species from 1981 thicker than the cleaning-diameter for the specific experimental plot. Mutation type 3 is added completely to type 9.
Damage classes A classification is made on the ground of the collection "remarks". The following damage categories have been chosen: 1. no damage 2. hollow or rotten 3. broken off 4. other damage 5. girdled, but still alive
Results
Basal area ingrowth
The effects of the cleaning-rate, Hendrison-research and the North-South factor on the ingrowth of the basal area (above 5 cm) of the CTS-species have been studied using ANOVA. The NorthSouth effect is significant at a significance level of 10%, the harvest effect of Hendrison is very significant. The difference between the traditional and controlled harvest clearly is in the advantage of the controlled harvesting. The interactions cannot be estimated due to a lack of degrees of freedom. The effect of the cleaning-rates is very significant. Within the cleaning-rates, the untreated does not seem to differ from the A-, B-, and C-rates. In addition to this the D-, E-, F-and G-rates do not statistically differ from one another, but this group does differ significantly from the previous group. In Table 4 , Table 5 and Figure 4 the results of an ANOVA with the effects "Cleaning-rate" and "Hendrison-research" for the basal area ingrowth (above 5 cm) of the CTS-species are given. It was determined to continue working with cleaning-classes. The group with an A-, B-, en Crate are indicated by an N (= not or hardly cleaned). The D-up to G-rate is merged to a group H (heavily cleaned). After a number of comparable tests with other random samples, it was decided to use this classification (the effect "cleaning-class" with 2 levels) as the most distinctive, see Table 4 for the revised effects per experimental plot. Figure 4 suggest an increase of the basal area ingrowth in CTS above 5 cm due to (middle) heavy cleaning, even though the evidence is paper-thin. This effect is quite enlarged when Hendrison's method of "controlled harvest" is applied. The effect seems completely eliminated when a "traditional harvest" is carried out. The ANOVA was repeated with the cleaning-class rather than the cleaning-rate as you can see in Table 7 . The North-South effect no longer seems to be significant, but there obviously still is a intermingling between the Hendrison-effect and the North-South effect. In Table 8 the eventual ANOVA data is listed. Without the HEN-NS interaction the R 2 slightly decreases, but remains very high. 
There is a large significant effect of the cleaning-class at the basal area ingrowth of the CTS above 5 cm, this is almost 4 times as large (1.053 instead of 0.248 m 2 /ha in the timeframe of 16 years). Under controlled harvest this is 1.731 and with traditional harvest 0.376 m 2 /ha. For the values and significance of the remaining basal area ingrowth numbers see Table 9 . The cleaning and the method of harvesting apparently largely and positively influence the basal area ingrowth of the Commercial Timber Species (CTS) in the lower diameter classes. We can interpret this as a high rejuvenation for the CTS within the timeframe of 16 years, due to the H(heavy)-cleaning treatment and the controlled harvest. For the NCTS this holds a lot less and solitary for the cleaning, there is no harvest effect. Without (or with light) cleaning and without harvest 11% of the rejuvenation ingrowth exists of CTS, with H-cleaning treatment this will be 20% and when we also perform a controlled harvest it will be 29%. In absolute values, it is a fourfold (from 0.25 to 1.05) in the case of heavy cleaning and a sevenfold (from 0.25 to 1.73) of the rejuvenination ingrowth when a controlled harvest is performed additionally. The rejuvenation ingrowth is measured in m 2 /ha basal area ingrowth over the 5 cm measurement limit in 16 years. The development speed in the diameter class 5-25 cm towards exceeding the 25 cm changes less spectacular due to the treatment. The cleaning itself does not influence the result. However, in combination with the controlled harvest the ingrowth above the 25 cm of CTS has increased with 78%, while the relative CTS-share increases slightly from 18% to 23%. This share would decrease slightly from 18% to 13% without controlled harvest.
Basal area increment
Another possibility to look at the experiment effects could be an analysis of the increment of the basal area on the existing trees. However, per definition the increment of the basal area depends on the existing basal area per class, after all it can only grow additionally when there was already something present. There are two possibilities to consider this in the model.
1. Use the relative basal area increment:
The differences in (relative) increment of the basal area seems not explained by the cleaningclass, there does seem to be a slight significant difference between North and South. Found is the following:
However, this North-South effect was already assumed in the beginning of this experiment. This pre-assumption thus is validated, apart from the fact that under equal circumstances the CTS grow 0.015 m 2 /ha/yr more in the north than in the south (app. 15% more).
Dynamics 1981-1997
In Table 10, Table 11 and Table 12 the dynamics are listed of respectively the average basal area, the average stem number and the average volume set up over the 23 remeasured experimental plots for the period 1981/82 until 1997/98. The significance in the stemnumber mutations has not been investigated, because this is not interesting in relation to the original research question. The significance of the volume set up cannot be determined due to the use of an outplace element with unknown purity and variance. Logging -0.1 -0.5 -0.6 0.0 -0.6 -0.6 -0.1 -0.5 -0.6 0.0 -0.6 -0.6 1) The cleaning has been performed in 1984, the situation after the cleaning has been calculated with the data of 1981/82.
From Table 10 (and also Table 11 and Table 12 ) it obviously shows that other activities took place in all plots outside the cleaning of 1984. In the category "logging CTS" as well as "disappeared" these are considerable amounts, in both basal area and stemnumber. In the category "disappeared" it concerns both CTS and NCTS, possibly that during the treatments also trees were girdled that did not meet the diameter demands. There also appeared to be 10 CTS samples with the mutationcode "death due to girdling". In total, it concerned 119 trees of which it was determined that they died due to girdling. This is not too bad given the difficulty of tree species recognition and the absence of a tree position map. The category "disappeared" however does give serious problems for the interpretation. These trees were not recovered in 1997 and thus it could not be determined whether they were cleaned, dead, or logged. In the case when the trees belonged to the category of the "to be cleaned trees" (so above the valid cleaning diameter for that plot) of the H-treatment, it was automatically assumed that the tree was cleaned. The amount of cleaning presumably is overestimated due to this assumption. 
Mortality
-39 -7 -46 -28 -8 -36 -13 -3 -16 -3 -5 -8 -52 -10 -62 -31 -13 -44 -147 -33 -180 -94 -28 -122 -15 -6 -21 -10 -11 -21 -162 -40 -201 -104 -39 -143 Ingrowth 358 1) The cleaning has been performed in 1984, the situation after the cleaning has been calculated with the data of 1981/82.
Disappeared
This certainly seems reasonable if the CTS and NCTS values of the category "disappeared" are compared to the N-and Z-treatment, however this assumption cannot be quantified. Apart from that, a tree classified as "disappeared" could also have been measured and considered an ingrower. All these kinds of insecurities influence the consistency of the ingrowth and increment figures. Therefore, it is desirable to analyse the diameter increment of those trees that were clearly found again.
The discrepancy between the passing thresholds in the PCQ-inventories (measured at only 12% of the surface area) to the PSP-inventory over the 25 cm limit asks for a category "statistical mutation". Next to that, the trees that belong to the mutation category "other tree" add to the category "statistical mutation". 1) The cleaning has been performed in 1984, the situation after the cleaning has been calculated with the data of 1981/82.
From Table 12 the effect of the treatment on the volume-growth can be derived, which is listed in Table 13 . In Table 14, Table 15 and Figure 5 , Figure 6 insight is provided to see where the stemnumbers and the basal area are disappearing; this is in the higher diameters. Basal area in m² per ha 
Diameter increment
The last option is to look at the diameter increment of the stems that have remained and try to find whether there is a difference between the treatments. Usually, the diameter increment is determined by the 2 nd degree polynom, as function of the diameter per species. See below:
In addition, the age can play a role in this uneven-aged forest. In Mapane quite a lot of species appear, that is why species-groups have been made with comparable diameter increment (see Table 17 for the names, codes and numbers). Using an ANOVA-model, it was tested whether the cleaning-class had some effect, see Table 16 and Figure 7 for the results. The diameter increment function is taken into consideration by using covariates in the ANOVA-model. Only the "intercept" (a0) was tested for the cleaning-class effect, not the a1 or a2 constants, because these describe the effect of the treatment the best. If all species would have been used in the model instead of the species-groups an adjusted R 2 of 0.37 can be reached. Using the seven species groups a respectable part of this is explained, namely 0.28. Of course, a higher R 2 can be reached with a species-specific a1 and a2, however this barely makes a difference (0.29). with the others. Nothing out of that group appeared to be significant. From ANOVA it cannot clearly be derived whether the cleaning-class effect is either positive or negative. The answer appears to be positive and Figure 7 shows this. The positive effect of the cleaning class is on average 0.038 cm/yr higher. It seems not much; however, it concerns over 16% more diameter increment. According to Schneider's law, this comes down to 33% more volume increment. There are no significant differences between CTS and NCTS. 
Damage and mortality
The mortality (see Table 18 ) appears to be significant depending on the cleaning-class even though the R 2 adj is low. After an N-cleaning the basal area decreased with 2.74 m 2 /ha in 16 years, after a Z-cleaning this is 1.15 m 2 /ha. In comparison to the original basal area, it concerns a mortality of 1.09% and 0.39% per year respectively. The tree mortality furthermore seems to be independent of the tree diameter. Damage to the trees seems to be mainly diameter dependent and next to this, less in the case of an N-cleaning 
Discussion
The Celos Silvicultural System treatment in Mapane can be classified in the classes "not or lightly cleaned" (N) and "heavily cleaned" (H). The ingrowth above the measurment-limit of 5 cm (PCQ-inventories) and 25 cm (PSP-inventories) in terms of basal area per ha is considerably (4x) higher in the class "Z" compared to "N". The Celos Harvesting System with controlled harvest increases this effect even more (7 times higher than the N-treatment without harvest). The increment in basal area per ha does not seem to differ significantly per treatment, this can be explained by the other mutations in the experimental plots than the originally planned measures, namely logging. The individual diameter increment appeared to be significantly higher in the "H"-class by almost half a millimetre a year. The increase is not very species specific, so the CTS as well as the NCTS groups gain equal profit out of the treatment. Given that the species composition is regulated by the treatments, there is a shift towards more CTSspecies. There also were no differences between NCTS and CTS-species for the ingrowth.
Since there were no interventions in the class below 25 cm, the composition will again shift to the situation before the treatment on the long term. Continuance cleaning will eventually give a forest with a higher share of CTS-species. This research, however, does not provide a quantitative support, except a strong suggestion.
The inventories are of average quality. After 16 years, it appeared to be very difficult to find the marked trees again. Harvest took also place in the same period, which made it even more difficult. Crucial for this kind of permanent experimental plots (PSP) is the existence of a tree position map and permanent marks on the corner of the subplots. This appeared not to be the case. Another crucial aspect is to determine the classes of change, damage, etc in advance. Peculiar enough all these kind of issues were registered in detail for the inventory protocol. It is unclear whether it was actually used, in any case the information was absent in the original database.
Appendix I. Frequency division timber species and diameter increment (PCQ + PSP)
Timber species* Notice to Appendix I: Column 4: number of observations per species in 1981, 1997, or both; uncorrected for PCQ subsampling. Column 5: number of paired observations in 1981 and 1997 of which diameter increment could be derived. Column 6: as column 5, concerning plots with no or light cleaning ("0+L"-ttreatment). Column 7: as column 5, concerning plots with (middle) heavy cleaning ("M+Z"-treatment). Column 8-10: average diameter increment in cm/yr based on n observations of respectively column 5-7, presented when n ≥ 4. Column 11: difference between column 10 -column 9. NB: the difference for the CTS-species should be positive. B. Procedure of analysis  The statistician will prepare a "Procedure" for the computer analysis of the data sets, listing the most appropriate/used software programs and the step-by-step procedures for the above listed determinations. This "Procedure" will have such a format that it can be used independently by CELOS technicians as a manual for forest/tree data analysis.
C. Qualifications  The statistician should be a professional forest statistician or biometrist with experience in Tropical Silviculture or Tropical Forest Research Programs.
D. Reporting  The statistician will prepare a technical report of the results of the statistical analysis of the two data sets with recommendations for possible follow-up research.
